The synthesized compound (2Z,4Z)-2,4-bis(4-chlorobenzylidene)-5-oxo-1-phenylpyrrolidine-3-carboxylic acid (BCOPCA) was characterised by Ultraviolet, FT-Infra Red, material. The other thermodynamic properties (entropy, heat capacity and zero vibrational energy) were also discussed. The study also includes NBO computations, complete vibrational assignments, Mulliken charges, UVeVisible spectral analysis and HOMOeLUMO energies. The regions of low and high electron density were obtained from MESP and ESP maps. The calculated parameters for BCOPCA using aforementioned functions are harmonious with the experimental findings. The in-vitro antimicrobial activity and molecular docking studies of BCOPCA were also done and showed a good correlation.
Introduction
Nitrogen based five membered heterocycle pyrrolidine, is a reassuring molecule for the design of newer drugs. It is well known from the literature that pyrrolidine, is a pharmaceutically active molecule and exhibits miscellaneous biological activities [1, 2, 3, 4, 5] . In addition, it is also apparent that certain compounds with benzylidene moiety in their structure are also important in the field of medicinal chemistry [6] . As a part of our research on the synthesis and DFT studies of novel heterocyclic molecules [7, 8] , in this research article, the writers look forward to contribute a detailed account on the molecular geometry, vibrational assignments, mulliken charges, conformations and electronic features of novel (2Z, 4Z)-2,4-bis(4-chlorobenzylidene)-5-oxo-1-phenylpyrrolidine-3-carboxylic acid (BCOPCA), obtained by ClaisenSchmidt reaction of 5-oxo-1-phenylpyrrolidine-3-carboxylic acid (1) and p-chlorobenzaldehyde (2) . The quantum chemical computations were investigated with the help of two hybrid functionals i.e. B3LYP and CAM-B3LYP using 6-31G (d,p) basis sets. The NBO properties of BCOPCA could be seen due to increasing interest in organic materials as non-linear optical devices which gathers the information about bonding and anti-bonding orbitals, electron affinities, bond energies, vibrational frequencies and geometries of organic compounds. The results obtained from computations establish a good agreement with the experimental results [9, 10, 11, 12, 13, 14] .
Materials and method
The instrument used to record 1 H and 13 C-NMR spectra of BCOPCA with chemical shifts values in ppm was Bruker 400 MHz, taking CDCl 3 as the solvent and TMS as the internal standard. IR (KBr) and UV (200e500 nm, CHCl 3 ) spectra were recorded on a Perkin-Elmer FT-IR and UV-visible Spectrophotometer instruments. The mass spectrum (DART-MS) of BCOPCA was also recorded with the help of JEOLAccuTOF JMS-T1100LC Mass spectrometer. 5-oxo-1-phenylpyrrolidine-3-carboxylic acid (1) was synthesized with the known procedure [15] .
Synthesis of 4(2Z, 4Z)-2,4-bis(4-chlorobenzylidene)-5-oxo-1-phenylpyrrolidine-3-carboxylic acid (BCOPCA)
5-oxo-1-phenylpyrrolidine-3-carboxylic acid (1) (0.005 mol, 1.025) and p-chlorobenzaldehyde (2) (0.005 mol, 0.705)were refluxed together for 5e8 hrs in 10 mL ethanol in presence of pyridine (1 mL). The product (3) obtained on cooling the reaction mixture was filtered and recrystallized from alcohol ( 
Computational details
The various DFT studies on BCOPCA were performed at B3LYP and CAM-B3LYP/6-31G (d,p) hybrid functionals respectively. The optimization of BCOPCA molecule was done with the help of GaussView5.0 and the Gaussian 09 software [16, 17, 18] . GIAO program was used for computing 1 H & 13 CNMR chemical shifts [19] . The Non Bonding Orbital predictions [20] were implemented at DFT/B3LYP
level in further to compare the distinct second order interactions. The TD-DFT was used for Frontier orbital study by implementing IEFPCM model taking CHCl 3 as solvent. The molecule BCOPCA was analysed by AIM calculation [21] . For potential energy distribution (PED) calculations vibrational problem was set up in terms of internal coordinates using GAR2PED [22] software.
3. Results and discussion 3.1. Molecular geometry Table 1 . On comparing the experimental data of a similar molecule from the literature with the theoretical values of BCOPCA [23, 24] , it is perceived that the values for BCOPCA are slightly larger than the data obtained from the literature. 
Conformational analysis
The Potential Energy Surface (PES) scan (sketched in Fig. 3 ), performed to determine the most energetically favourable conformer which showed three minima cor- 
Electronic absorption
The UV-Visible spectrum of compound was computed at the B3LYP and CAM-B3LYP hybrid functionals with 6-31G (d,p) basis sets and integral equation formalism polarizable continuum model (IEFPCM) was employed for accounting solvent effect [26] . The excitation energies, oscillator strength, percent contributions have been tabulated in Table 4 . n / p* HOMO-1 to LUMOþ1 with 63% and p / p* HOMO-2 to LUMO with 53% contribution as shown in Fig. 6 . The HOMO-LUMO energy gaps were found to be 2.199 (B3LYP) and 3.060 (CAM-B3LYP).
Vibrational assignment
There are 48 atoms having C1 point group and 138 routine modes of vibrations performed on the basis of recorded FT-IR spectrum, in BCOPCA. The discard of anharmonicity in real system is responsible for higher calculated vibrational wavenumbers than the observed wavenumbers. Therefore, calculated wavenumbers are scaled down by a single factor 0.9679 [27] B3LYP and compared with experimental wavenumbers. The observed and computed frequencies, PED and simulated vibrational spectra of BCOPCA are presented in Table 5 and Fig. 7 . and experimental values [35, 36] . The carbonyl carbons showed stretching vibrations at 1729 and 1702 cm À1 [37] while it was calculated at 1716 cm
À1
. The
CeO stretching vibration [38, 39] appeared at 1036 cm À1 complying well with the calculated value at 1020 cm À1 . C-Cl vibration in BCOPCA appeared at 679 cm À1 with PED contribution of 53% and is in good agreement with the observed wavenumber at 667 cm À1 [40] .
Mulliken charge distribution
The Mulliken charges were calculated at two different levels as enumerated in Table  6 and plotted in Fig. 8 . On the basis of the results performed on neutral molecule the negative charges were delocalized on O12, O30 and O31 atoms and similar positive charges were noticed on all the hydrogen atoms in the molecule. C11 and C29 attached with oxygen atoms had more positive charges due to electronegative character of oxygen atoms [41, 42, 43] . Almost like values of positive charges were observed for hydrogen atoms bonded to carbon atoms in the aromatic ring. It must be noted that the biggest value of charge on H48 might be due to hydrogen bonding.
Molecular electrostatic potential
A colour scheme depicting different values of the electrostatic potential in ascending order at the surface is as follows: red < yellow < green < light blue < blue (Figs. 9 and 10). Red colour depicts nucleophilic region while blue depicts electrophilic region [44, 45, 46, 47] . The yellow, green and light blue colours portrayed slightly electron rich; neutral and slightly electron deficient regions respectively [48, 49] .
The region of maximum negative electrostatic potential with a value of À7.648 a.u, is around C11 & O12 and the most positive region with a value of þ7.648
a.u, is at C47 & O30, as revealed by MEP and ESP maps. C11, O12 and C47, O30 are most preferred sites for nucleophilic and electrophilic attack respectively.
Non bond orbital (NBO) analysis
The hyperconjugative interactions in molecular systems [50, 51] , correlation between donor (i), acceptor (j) level bonds and stabilization energy E(2) are explained according to second order Fock matrix as follows: 
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Where, q i is occupancy of donor orbital; E i and E j are diagonal elements; F ij is off diagonal NBO Fock matrix element. The result of the calculations is tabulated in Table 7 .
The results showed 22 consecutive high energy transitions in BCOPCA. A transition from p (C 1 -C 6 ) to p* (C 2 -C 3 ) and (C 4 -C 5 ) with stabilization energies of 18.03 and 22.22 kcal mol
À1
, and an intramolecular charge transfer from p (C 2 -C 3 ) to p* (C 1 - transfer from nonbonding orbital of N 7 to p* (C 2 -C 3 ) and (C 11 -O 12 ). All these transitions are due to high delocalisation of bonds inside the molecular system.
Non -linear optical (NLO) analysis
NLO studies [52, 53] find wide applications in laser technology, optical communication, optical information processing. The results of these studies when performed on BCOPCA (tabulated in Table 8 
Thermodynamical analysis
Statistical thermodynamic functions mainly heat capacity and entropy were calculated for the molecule at varying temperatures (100e500 K) and summarised in BCOPCA were obtained and indexed in respectively at B3LYP and CAM-B3LYP/6-31G (d,p) hybrid functionals.
Reactivity descriptors

Global reactivity descriptors
Global reactivity descriptors such as electronegativity, chemical potential (m), global hardness (h), global softness (S), DNmax and electrophilicity index (u) have been calculated and listed in Table 11 . Koopman's theorem was used to confirm chemical reactivity and site selectivity for BCOPCA [56, 57, 58] . 
Local reactivity descriptors
Local reactivity descriptors such as softness (Sk), Fukui Function (FF) and electrophilicity index (uk) [59, 60] were enumerated in Table 12 . Local softnesses (s k þ ,
are described with the help of following equations.
Where þ, À, 0 signs show attack of nucleophile, electrophile and radical.
The observed values at C2, C6, C19, C23 and C25 showed that these sites are more liable to nucleophilic attack whereas the relatively enhanced values at H48, C29, O30, O31 suggested that these sites are accountable for attack of electrophiles. These explorations are helpful enough to provide more information about the chemical reactivity of the molecule. 
Atom In molecule (AIM) approach
The molecular graph of compound BCOPCA at B3LYP/6-31G (d, p) hybrid functionals is presented in Fig. 12 Table 13 and indicated that C2-H24$$$O12 and C19-H41$$$O12 are weak interactions having Table 9 . Thermodynamic functions at different temperatures of BCOPCA employing B3LYPand CAM-B3LYP/6-31 G (d,p)methods.
Heat capacity (CV) (Cal/mol K) 
Evaluation of antimicrobial activity
The in-vitro antimicrobial activity of BCOPCA was studied using the disc diffusion 
Molecular docking studies
In modern drug designing, molecular docking, which predicts the preferred orientation of one molecule to a second when bound to each other to form a stable complex, is an important tool for understanding drug-receptor interaction. The molecular docking study of BCOPCA was also carried out in the present article to come up with the rationale for the biological activity. All in silico docking experiment were carried out the using Auto Dock version 4.2 [64, 65] . Crystal structure of 3-Dehydroquinase from Salmonella typhi (PDB ID: 1GQN), Pyridoxal kinase (PDBID: 5B6A) from Pseudomonas aeruginosa and Dihydrofolate reductase enzyme from Klebsiella pneumonia (PDBID: 4oR7) for the docking studies was downloaded from Protein Data Bank (http://www.rscb.org/pdb). The purpose of taking type I DHQase (3-Dehydroquinase), as a target molecule is due to the fact that the shikimate pathway for the biosynthesis of aromatic amino acids (Phenylalanine, Tyrosine and tryptophan), is absent in mammals. Pyridoxal kinase is an essential enzyme for Pyridoxal 5 0 -phosphate (PLP) homeostasis since PLP is required for the catalytic activity of a variety of PLP-dependent enzymes involved in amino acid, lipid, and sugar metabolism as well as neurotransmitter biosynthesis.
Dihydrofolate reductase enzyme is taken as target molecule because the resistance to the antibacterial antifolate trimethoprim (TMP) is increasing in members of the family Enterobacteriaceae including Klebsiella pneumonia.
Hydrogen atoms and Kollman charges were added and water molecules were removed from the molecule to execute the docking operations. The B3LYP/6-31G (d,p) functional of theory set was used to prepare minimum energy ligand for docking. Auto Dock requires pre-calculated grid maps. This grid must to include residues of the active site. In the present study the grid size was 60 A Â 60 A Â 60 A. It is a well known fact that, if the number of interactions is greater in the docked complex, it will enrich the bioactivity of the compound but the noteworthy part is that one hydrogen bond interaction was obtained with all three enzymes. Compound may be deemed as a capable inhibitor of 3-Dehydroquinase as compared to Pyridoxal kinase (PDBID: 5B6A) and Dihydrofolatereductase enzyme due to small distance of liganderesidue interaction which was also confirmed by experimental results.
Conclusions
The present study gives a detailed account for spectral and computational character- 
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